Introduction
Extremely short Ce-Ru distances associated with strong covalent Ce-Ru bonding have recently been observed in a variety of intermetallic Ce x Ru y X z (X = Al, Ga, In, Sn, Mg, Cd, Zn) compounds [1, 2] . The short Ce-Ru distances are directly coupled with intermediate cerium valence for the involed cerium atoms, leading to a (4 − δ )+ oxidation state with only marginally filled 4 f states. The structures of the diverse Ce x Ru y X z intermetallics differ drastically. CeRu 0.88 In 2 [3] and CeRu 2 Mg 5 [4] have only one crystallographic cerium site, both with short Ce-Ru distances of 253 (CeRu 0.88 In 2 ) and 232 (CeRu 2 -Mg 5 ) pm, distinctly shorter than the sum of the covalent radii [5] of 289 pm. The structures of CeRuSn [6] , Ce 3 Ru 2 In 3 [7] , and Ce 2 RuZn 4 [8] show an ordering of purely trivalent and intermediate-valent cerium on two distinct Wyckoff sites. More complex behavior occurs for Ce 5 Ru 3 Al 2 [9] , Ce 11 Ru 2 Al 6 [10] , and Ce 23 Ru 7 Mg 4 [11] , which contain 4, 6, respectively 9 crystallographically different cerium sites with a broad range of Ce-Ru distances. The strong covalent Ce ∼IV -Ru bonding was also manifested through c 2012 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com electronic structure calculations for CeRuSn [12] and Ce 2 RuZn 4 [13] .
In continuation of our systematic phase analytical investigations of rare earth metal-transition metalmagnesium systems [14] [16] which relates the structural distortions to the formation of short Ce-Ru bonds.
Experimental Section

Synthesis
Starting materials for the preparation of Ce 2 Ru 4 Mg 17 were a cerium ingot (Johnson Matthey, > 99.9 %), ruthenium powder (Allgemeine Gold-und Silberscheideanstalt Pforzheim, > 99.99 %) and a magnesium rod (Alpha Aesar, > 99.8 %; the surface layer of the rod was removed on a turning lathe). The larger cerium ingot was first cut into smaller pieces and arc-melted [17] to a small button under an argon atmosphere of ca. 700 mbar. The argon was purified with titanium sponge (900 K), silica gel, and molecular sieves. A cerium button, ruthenium powder, and small magnesium pieces were weighed in the ideal 2 : 4 : 17 atomic ratio and arc-welded in a tantalum tube under an argon pressure of 700 mbar. The tantalum tube was then placed in the water-cooled sample chamber of an induction furnace [18] (Hüttinger Elektronik, Freiburg, Germany, Typ TIG 2.5/300), rapidly heated to 1370 K, kept at that temperature for 10 min and quenched by switching off the power supply. The temperature was controlled by a Sensor Therm Methis MS09 pyrometer with an accuracy of ±30 K. The polycrystalline Ce 2 Ru 4 Mg 17 sample is brittle. It could easily be separated from the tantalum container, and we observed no reaction with the crucible material. Ce 2 Ru 4 Mg 17 is stable in air.
EDX data
The Ce 2 Ru 4 Mg 17 crystal studied on the diffractometer was investigated by semiquantitative EDX analyses by use of a Zeiss EVO MA10 scanning electron microscope (variable pressure mode) with CeO 2 , Ru, and MgO as standards. The experimentally observed composition (11 ± 3 at.-% Ce : 19± 3 at.-% Ru : 70 ± 3 at.-% Mg) was close to the ideal one (8.7 : 17.4 : 73.9) . No impurity elements were found.
X-Ray diffraction
The polycrystalline Ce 2 Ru 4 Mg 17 sample was characterized by powder X-ray diffraction: Guinier camera (imaging plate detector, Fujifilm BAS-1800 readout system), CuK α1 radiation and α-quartz (a = 491.30 and c = 540.46 pm) as the internal standard. The tetragonal lattice parameters (Table 1) were obtained from a least-squares refinement of the powder diffraction data. An intensity calculation [19] with the atomic positions from the structure refinement helped to ensure correct indexing.
Irregularly shaped single crystals of Ce 2 Ru 4 Mg 17 were obtained from the crushed sample prepared in the induction furnace. The crystal quality was first checked by Laue photographs on a Buerger camera (white Mo radiation) in order to test the quality for intensity data collection. Intensity data were collected at r. t. and additionally at 90 K (for a different crystal) by use of a Stoe IPDS-II imaging plate diffractometer in oscillation mode (graphite-monochromatized MoK α radiation). A numerical absorption correction was applied to the data sets. All relevant details concerning the data collections and evaluations are listed in Table 1 .
Structure refinement
The r. t. data set was evaluated first. The data set showed a body-centered tetragonal lattice with high Laue symmetry and no further systematic extinctions, leading to the possible space groups I4/mmm, I4mm, I42m, and I4m2, of which the non-centrosymmetric group I42m was found to be correct during structure refinement. The starting atomic parameters were then determined via Direct Methods with SHELXS-97 [20] , and the structure was refined using SHELXL-97 [21] (full-matrix least-squares on F 2 ) with anisotropic atomic displacement parameters for all sites. As a check for the correct composition, the occupancy parameters were refined in a separate series of least-squares cycles. All sites were fully occupied within two standard deviations, and in the final cycles the ideal values were assumed again. Refinement of the correct absolute structure was ensured through calculation of the Flack parameter [22, 23] . Refinement of the 90 K data set led to similar results, except for the opposite absolute structure, since a different crystal was measured. The final difference Fourier syntheses were flat ( Table 1) . The positional parameters and interatomic distances (exemplarily for the room temperature data) are listed in Tables 2  and 3 . Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizkarlsruhe.de/request for deposited data.html) on quoting the deposition number CSD-424260 (293 K data) and CSD-424261 (90 K data). [1, 2] . The striking structural motif in the Ce 2 Ru 4 Mg 17 structure is the formation of slightly bent Ru-Ce-Ru units with Ce-Ru distances of 231 pm, significantly shorter than the sum of the covalent radii [5] of 289 pm. The near-neighbor coordination of one Ru-Ce-Ru unit is presented in Fig. 1 . There are very large similarities with the corresponding unit in CeRu 2 Mg 5 [4] . In the latter compound the Ru-CeRu unit is slightly more bent, and we observe two cerium neighbors instead of one cerium and one magnesium atom in Ce 2 Fig. 2 . The cerium pairs are aligned on the4 axis. Ce 2 Ru 4 Mg 17 is the magnesium-richest compound in the Ce-Ru-Mg system. The four crystallographically independent magnesium sites have between 9 and 12 magnesium atoms in their coordination spheres ( Table 3 ). The Mg1 atoms at the origin of the unit cell have the highest magnesium coordination number in the form of a strongly distorted cuboctahedron. The Mg-Mg distances cover the broad range from 291 to 361 pm. Similar to the structure of CeRu 2 Mg 5 (302 -341 pm Mg-Mg) [4] , also in Ce 2 Ru 4 Mg 17 we observe Mg-Mg distances which are slightly shorter than in hcp magnesium (320 pm average Mg-Mg) [25] . This is the typical range for magnesium-rich RE x T y Mg z intermetallics [26, 27] . Besides the already mentioned short Ce-Ru contact, each ruthenium atom has eight magnesium neighbors at Ru-Mg distances ranging from 276 to 291 pm, longer than the sum of the covalent radii [5] of 260 pm. Again, this range is close to that found in the structures of CeRu 2 Mg 5 (273 -283 pm Ru-Mg) [4] and binary Ru 2 Mg 3 (282 -296 pm) [28] . A second striking structural feauture of the Ce 2 Ru 4 Mg 17 structure, besides the short Ce-Ru distances, are the extremely short Ce-Ce distances of 307 pm, much shorter than in fcc cerium (365 pm) [25] and well beyond the Hill limit of 340 pm for f electron localization [29] . This is a consequence of the non-magnetic ground state (almost tetravalent cerium) that is evident from the temperaturedependent susceptibility measurements (vide infra), indicating a small effective size of cerium. Such short Ce-Ce distances, accompanied by intermediate-valent cerium have also been observed for other cerium intermetallics, e. g. CeRu 3 B 2 (299.1 pm) [30] , CeCo 3 B 2 (303.6 pm) [31] , CeCo 2 (309.4 pm) [32, 33] , CeCo 3 (314 pm) [34] , or Ce 4 Ru 3 (312 pm) [35] .
As is evident from Table 2 , the occurrence of almost tetravalent cerium in Ce 2 Ru 4 Mg 17 is directly accompanied by strong anisotropic displacements of the cerium and also of the adjacent Mg1 atoms which are all aligned parallel to the c axis. Fig. 4 . Group-subgroup scheme in the Bärnighausen formalism [36 -39] for the structures of La 9 Ru 4 In 5 and Ce 9 Ru 4 Ga 5 [16] . The index for the translationengleiche (t) symmetry reduction, the unit cell transformation, and the evolution of the atomic parameters are given. The averaged positional parameters were calculated from the refined values.
At 90 K the anisotropic displacement parameters U 33 of Ce and Mg1 were still by a factor of ∼ 6 higher as compared to the U 33 values of the other atoms. The slope of the decrease, however, is comparable suggesting no change of symmetry down to 90 K. nation. Thus, in most cases it is not possible to enable such a peculiar environment with the neighboring rare earth elements lanthanum and praseodymium. Consequently one observes two ways out, i. e. (i) the cerium compound crystallizes with its unique structure type as a singular compound or (ii) formation of a superstructure through lowering of the space group symmetry, allowing for an ordering of trivalent and intermediate-valent cerium. Two examples for such superstructures are CeRuSn [6] , which adopts a superstructure of CeCoAl upon doubling of the subcell c axis, and rhombohedral Ce 5 Ru 3 Al 2 [2, 9] , a superstructure of cubic Pr 5 Ru 3 Al 2 [9] .
Magnetic properties of Ce
The recently reported indide La 9 Ru 4 In 5 (space group I4/mmm) and the gallide Ce 9 Ru 4 Ga 5 (space group I4mm) [16] are another pair of new structure types which are directly related by a group-subgroup scheme. The latter is presented in the concise and compact Bärnighausen formalism [36 -39] in Fig. 4 . Due to simple decentering (translationengleiche symmetry reduction of index 2 from I4/mmm to I4mm), the 16n La site splits into two eightfold sites 8d for cerium, enabling the trivalent-intermediate-valent cerium ordering accompanied by significant distortions in the Ce ∼IV coordination. The corresponding coordination polyhedra and relevant interatomic distances are shown in Fig. 5 . The intermediate cerium valence in Ce 9 Ru 4 Ga 5 had been confirmed experimentally by L 3 -Ce XANES spectra [9] .
